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(21) 4836184/03 
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(46)23.04.93. Bran. N- 15 

(72) A.C.Hepe6auKHA. A.B.cDommh, A.B.AxMa- 
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(56) naTeHT CLUA Ns 3191677. ka. 166-14. 
ony6/iMK. 1965. 

ABTOpCKOe C BH A6T671 bCTBO CCCP 

fsfc 1254137, ui. E 21 B 29/10. 1982. 

(54) CHOCOB PEMOHTA OBCAflHblX KO- 

J10HH 

(57) Hcnonb30B3HMe: peMOHT ynacTKOB c ona- 
raMM paapyuieHMA m Ae<t>eirraMM b CTewcax o5- 

C8AHUX KO/IOHH. CyiUHOCTb M306p6T6HMflt 

noA6npatOT utMUHAptmecicMfl narpy6ox pac- 
MBTHoro nepviMBTpa. A"WHa KOTOporo 6o/ibiue 



BHyTpBHHero AwaMerpa 2 peMonmpyeMoro 
ynacTxa o6caAHoA ko/iohmw. a A/iMHa naTpy6- 
ica 6o/ibiue AHMHbi MHTepeana noBpexcAeHMR. 
npoM3BOAAT nonepeMHyio AB4>opMaunio naT- 
py6xa no Bcew A^^He ao nOTepw ycToPiMneo- 
cm. 4>MKcauMK) ero b stom nono*eHnn, cnycK 
b CKBaxcMHy m ycTaHOBxy b 30He noepexcAe- 
hmj? nyTeM 4>HKcaTopoB. Rpw 3tom Marepna/i 
naTpybxa Bu6npa>OT no mo Ay* to ynpyrocm - 
E. KOTopww onpeAe/inioT w3 cooTHOiueHu*: 

1.4 P 



(h/R) 



1* 



rAe P - KOHTBKTHoe AdB/ieHMe 



naTpy6xa na ctchkm oScaAHOM ko/iohhm: h - 
TonuiMHa ctchkw naTpy6Ka; R - paAwyc BHyT- 

peHHBA CT6HKM 06caAHOft KO/TOHHbl. 4 MA. 
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H3o6peTeHne othocmtch k TexHonornn 6uTb Mcno/ib3oaaHa BwcoKOKaMecTeeMHafl 3a- 

peMOHTHwx pa6oT b He<t>feAo6wBaiome^ npo- ica/ieHHa« cranb, CTexAonnacTMx m Apyrue Ma- 

muumchhoctm. a mmchho. x cnoco6aM amkbm- Tepwanw, xapaKTepM3yx)uuie TeM, mto 

AauwM ysacTKOB c OMaraMw paapytueHMP m nanpaxeHMfl, B03HHxax)mMe b hmx noc/ie no- 

Ae<t>crraMM b cTenxax o6c3AH«x koaohh. 5 repw ycTOMMM boctm. He npeauiuatOT npeAenoB 

Ue/ib M3o6peTGHns - noBuiueHwe 3$<t>eK- ' TexyMCCTM ashhux MaTepwaflOB. T.e. coot- 

tmbhoctw peMOHTHwx pa6oT m o6ecneMeHMe BCTCTByioT ynpyrwM Ae<|>opMauMflM stmx M3Te- 

paoHOMepHoro npMxaTwa naTpy6xa no seen pwa/ioe. 

ero AnwHe x o6c3ahom koaohhc npw ynpome- 3aTeM npoM3BOA*T nonepenHyio Ae<|>op- 

hmm npouecca ycTaHoaxn naTpy6xa 3a cmct 10 MauMio naTpy6xa no Been Rnwne ao noTepw 

MCKIlK)HeHHA AOnO/IHMTeAbHOrO B03AeftCTBMfl yCTOHMMBOCTM M 4>MKC3l^MK) ero B 3TOM COCTO- 

Hd Hero. «hmm. A"* 3Toro naTpy6ox 1 noAaiOT na bxoa 

Ha 4>wr. 1 M3o6paaceHO ycTpoftCTBO an* onpaaKM 2 n pom tub aw me ro ycTpoftCTBa c 
npMBeAeHMfl naTpy6ica b cocToaHMe noTepn npeABapwTenbHO.BK/WMeHHUM ABMraTeiieM 6, 
ycTdftMMBocTM; Ha 4>Mr. 2 — cgmghmb A-A h8 4>Hr. 15 nepeaaioiuMM opameHMe na poamxm 4 c no- 
li Ha 4>vtr. 3 - ceMeHtte B-B Ha 4>wr; 1; Ha 4>wr. . Moujbto MexaHtwecxoro npMBOAa 5. Poamkm 4 
4-naTpy6oK 4 3a<t>nKCHpoBaHHuABCOCTOAHMH aaxBSTbiBdiOT naTpyGoK m npoTRmBaiOT ero 
noTepn ycTO^HMBocTM. BHyTpbxoHvmecKOMonpaBKn2ycTpoRcTBa.no 

YcrpoftCTBO Ann npMBeAeHHfl naTpySKa 1 - Mepe abhjkbhmji naTpy6xa BAO/ib BHyTpeHHeft 

e cocTOHHue noTepn ycTOMMMBocTvi - npOTurM- 20 noBepxHOCTH nocTeneHHO yBejiHMwaaeTC5i pa- 

Baomee ycTpoMCTpo - npeACTatvineT co6oa . AMa/ibHaa Harpy3xa, AewcTBytomap Ha Hero co 

KOHMMecxyio onpasxy 2 c 4>opMoo6pa3yioiuMM ctopohu onpdBxu na-3a yMeHbiueHMn ee Ana- 

CTepxneM 3 h poamksmm 4, 3axpenjfeHHUMM MeTpa.M3BecTHO,MTOTOHxweynpyriieo6oAOM- 

no am He onpaBKM. Poamkm 4 CBnaaHu c Mexa- km noA acmctbmcm paAna/ibHOM Harpy3KM 

HMMecKMM npMBOAOM 5. spaiueHMe Ha xoTopuft 25 Tep«iOT ycTOHM m b ocTb , nepexoA* x HoaoMy co- 

nepeAaeTCfl ABHraTeneM 6.Tloc/ie npwBeAe- ctoahmk* paBHOBecMfl c ewnyxnocTbio, 

hm« naTpy6xa b cocTo«HMe noTepM ycTO^MMBO- -o6patueHHOM k ueHTpa/ibHOM ocm mmamhapb. 

cm npw noMOtuM AaHHoro ycTpoHCTaa oh A/in o6ecne«ieKMfl nepexoAa naTpy6xa b co- 

4>MKCMpyeTpi b 3tom coctoahmm nocpeACTBOM cTOflHKe noTepw ycTOMHMBocTH cnyxMT <|>op- 

<j>MxcaTopoB 7 % coeAMHeHHwx Me^Ay co6om 30 MOofipaayioiUMA CTepxeHb 3, xotopwm 

CTep)XHnMM 8. ripMBOA 5 n pe actb b/i si bt Ma ce- koh ue htpm pyeT paAwa/ibHyio Harpy3xy Ha naT- 

6r aySnaTyto nepeAa^y c oahom BeAymeft 9 m py6ox. TepnxjiUMH y cto mm m boct b. . Aa/ibHeft- 

AeyMfl aeAOMWMM tueCTepHjiMM 10 t 11. BeAy- iuan npoTnxxa naTpy6xa cBsaaHa c 

iuaa ujecrepH * 9 ycraHOB/ieHa Wa buxoahom npoAO/uxaiotUMMCsi yee^HMeHHeM pawanbHOM 

Baiiy 12 ABMraTenn 6; na Ba/iy 13 BepxneR 35 Harpy3KM4i npnaoAMT KyBe/iMMeHMto Bunyic/io- 

BeAOMOftujecTepHHycTaHOB/ieHKpa.HHMftBep- ctm o6o/iomkm naTpy6xa» noTepssBiueM ycroM- 

xhhm pouhk 4, a Ha Bany 14 hmxchoR bcaomom mmboctb, a pe3y/ibTaTe sero pa3Mept»i 

ujecTepHM xpawHMM hvukhmm po/imk 4. Po/imkm naTpy6xa 6yAyr cooTBeTCTBOBdTb TpaHcnopT- 

4 (w BepxHMe. m HMXHMe) CB«3aHHue npMBOA- hwm pa3MepaM Ten, cnycKaeMwx b cxaaKMHy. 

hum peMHeM 15. Poamkm 4; ne CBfl3aHH«e c 40 b momcht AOcrrvwceHMfl narpy6xoM TpaHcnop- 

Bd/iaMM 13 m 14. Bbino/iHeHbi ynpyroa^acTMM-* thux pa3Mepos oh n potsi rw saeTC a x xonuy 

HbiMM m/ih noAnpy)XMHeHU b pe3ynbT3Te sero onpaaxw 2 m Ha BuxoAe M3 Hee CTjiniBaeTCJi 

ohm OTcnejKMffaiOT Ae<t>opMauM» naTpy6xa. HecKonbXMMM ^wxcaTopaMM 7 (cm. 4>wr. 4). xo- 

Boxbaue poiiMxn 4 saxpenneHbr b xohmmccxom Topy e xcecTxo coeAMHsiioT Me)KAy co6oft cTep- 

onpasxe 2 c B03MoxHOCTbx> BpameHMA. Ohm 45 khamm 8. TaxMM o6paaoM ocymeCTB/i»K)T 

ne noAnpyxHHeHu m ycTa h o bh en u coocho x onepaunx) <t>MKCMpoBdHMn naTpyGxa 1 bcocto- 

4>opMoo6pa3yK>meMy CTepjKHK) 3. hhmm noTepM yctommmboctm/ 

•'. riocne aToro npow3B0A«T ycTaHoexy naT- 

Cnoco6 peMOHTa 3axiiK)HaeTCfl b c/ieAyK> py6xa b 30He noBpexcA&HHst o6c3ahom ko/ioh- 

u;eM 4 50 hw. 

BHa«ta/ie ocyiuecTB/inxrr noA6op natpy6- A/iRSTorocnoMou4bK)Aep>KaTe/ifl(HaHep- 

xa pacseTHoro nepMMCTpa m ynpyrocTM. OaT- Texe He noxaaaH) naTpy6ox. 3a<t>MxcMpoBaH- 

Py60X 1 BWno/1HflK)T B BMAe TOKKOCTeHHOrO HUH B COCTOflHMM nOTepii yCTOMMMBOCTM, 

KpyroBoro UMAMHApa M3 MaTepna/ta o6^aA3K)- cnycxam b CKBaxMHy vi ycTdHaBHMBax>T Ha 
mero cbomctbom ynpyrocTM, npnweM nepw- 55 ypoBHe ynacrxa noapexAeHMJi o6caAHOM xo- 

M6Tp* uMAMHApa 6onbUje BHyTpen Hero aohhu. CTflmBaK>mMe naTpyOox 1 4>MxcaTopu 

nepMMeTpa peMOHTMpyeMOM o6caAHOM koaoh- 7 chmm3K>t, nepeMeuxan BBepx coeAMHsroiUMe 

hu, a AHMHa - 6oAbiue MHTepaana noapexAe- mx cTepxHM 8. sto npMBOAMT x chutmk) paAM- 

hmb o6caAHOM koaoh h bi . B KdMecTBe a/ib ho m HarpysxM, AGMCTByx)iAeM Hd ndTpy6ox. 

MaTepnana M3roTOBneHMq naTpy5Ka Mo xej no A abmctbmcm ycMAMM b o6oAOsxe. noTepwa- 
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ujeftycTOfiHMBOCTb. naTpy6oic 1 B03BpamaeTCfl 
b wcxoAMoe paBMOBecHoe cocTOWHue. 

B CM/iy toro. mto wcxOAHWft bhciuhm^ am- 
aMeTp naipy6Ka HecxonbKO GoAbtue BHyrpeH- 
Hero AwaMeipa o6caAHoft ko/iohhw. FlaTpySo* 5 
n/tOTHO m paBHOMepHO npMKMMaeTC» k o6caA- 
ho* KO/10HH6, nepeKpuB y^iadOK noapoKAe- 

Ew/iu nposeAeHu naGopaTOpHwe ucnwTa- 
HM« cnoco6a peMOHra o6caAHwx ko/iohh Ha 10 
MOAe/iw o6caAHOft ko/iohhw c ue/ibio npo- 
sepKM ero pa6oTOcnoco6HOcm MoAe/ib 06- 
caAHOft ko/iohhw npeACTaB/iaeT co6o& 
ToncTOCTeHHyio Tpy6y c BHyTpeHHMM AMaMer- 
poM 80 mm, napaMeTpoM 251,2 mm m ammo* 15 
500 mm. 

flaTpy6oK Bbino/iH6H w3 CTeioion/iacTMica b 
bmab TOHKOCTGHHoro KpyroBoro UM/lMHAPa, 
TO/iiUMHa CTeMKM KOToporo 0,3 mm, a nepviMeTp 

251.6 mm. 20 

B KaMecTDB npoTPrwBaioiuero ycTpoftCTBa 
ncnoiib30Ba/iacb KOHimecKaa onpaexa co 

BXOAHbIM AMaMeTpOM 100 MM, BSIXOAHWM " 70 

mm, AflMHOfl 600 mm c oahmm (J>opMoq6pa3yio- 
tUMM CTepxHeM BAQ/ib BHyTpeHHeft noBepxHO- 25 
cm onpaBKM. npoTflJKKa ocymecTBia/iacb 
AaB/ieHneM MaTopeu naTpy6Ka. Ha bwxoac M3 
npdTfirwBatomero ycTpoftcrea naTpy6oK MMe/i 
A^aMerp 70 mm, npwseM <j>opMOo6pa3yK>mnft 
CTepxceHb y*e He Kaca/icn BweepHyroft 060- 
/iomkm naTpy6Ka. m a xbkom nonorceHWM naTpy- 30 
6ok 6w/i noc/ieAOBaTe/ibHO CTHHyr AByMfl 
<t>MKcaT0paMn, coeAWHeHHbiMM MexAy coGoft 
AByMJi craiibKbiMM crepxHAMM. 

3dT6M naTpyOpic 6w/r cnymen b MOAenb 
o6caAH0ft KonoHHu ao ypoBHJi 30hw noBpex- 35 

ABHMSI 06caAH0ft KO/IOHHW C nOMOUJbK) AepXS- 

Te/ifl, nonepeMHwe pa3Mepw KOToporo ne 
npeabtuia/iM 70 mm. 3aTeM cTflrwBaioiMMe <J>mk- 
ca-ropbi CABwranw k BepxHeMy Topuy naTpy6ica 
3a cmot yew/in*. nepeAaBaeMoro <iepe3 crepxc- 40 

B MOMeHTCHHTM* nocneAHero <J>nKcaTopa 
CB06QAHUA naTpy6ox no/inocrbio BOCcraHo- 



BM/l CBOK) <J>opMy, npMXaBUJMCb K BHyTpeMHCM 

CTeHice o6caAnow ko/iohhw m nepeicpwa 30Hy 
noBpexcAQHMfl. 

AHanorMMHbiM o6pa30M 6wnn npoBeAeHbi 
McnbiiaHMfl b ycnoBMflx no/iHoro 3ano/iHeHnn 
MOAenn o6caAMOft ko/iohhw boao*. 

/la6opaTopHbte AaHHwe noATBepAM/iw pa- 
6oTocnoco6HOCTb ABHHoro cnocoSa peMOHTa 
o6caAHbix ko/iohh. riaTpy6oK no/inocTbio. 6e3 
noBpexAenwft m cxiiaAOK BOCCTaHoawn cbok> 
4>opMy w iuiotho 06/iera/i BHyrpeHHiOK) deHxy 
o6caAHOft ko/iohhw, M30/inpy» 30Hy noBpex- 
AeHHA. 

(DopMy/ta m 3 0 6 pere h m « 
Cnoco6 peMOHTa o6caAHwx ko/iohh, 
BK/HOMaiomuft noA6op naTpy6ica pacneTHoro 
nepMMeTpa, nonepenHyto Ae<t>opMamiK> naT- 
py6ica no eceft AAHHe, cnycic ero b cKBaxcuny m 
ycTanoBxy b 3one noapexcAeHMfl, o t a m m a k>- 
m h ft c 11 TeM, mo. c ue^bio noBUUieHM« 

3<t><t>eKTVIBH0CTM piBMOHTHUX pd60T M 66eCne- 

MeHMH paBHOMepHoro npnxaTmi naTpy6xa no 
Bceft ero AflwHe k o6caAHOft KO/iOHHe npn oa- 
HOBpeMeHHOM ynpomeHMM npouecca ycia* 
hobkm naTpy6xa 3a cmot wcic/i»OMeHMsi 
Aono/iHWTeiibHOro B03AeftCTBM« Hd nero. Ma- 
Tepwa/i naTpy6Ka Bbi6wpaiOT no MOAy^to ynpy- 
rocTM E, npimeM nociieAHMft onpeAenniOT M3 

COOTHOUJeHMJI 

E ^ MP 
(h/R) m 1 

tab P - KOHTaKTHoe AaBiieHwe naTpy6xa Ha 

CT6HKM 06C3AH0ft KO/IOHHW,* 

h- TO/imwHa CTeHKM naTpy6Ka: 

R - paAttyc BHyTpeHneft noBepxMOCTM 06- 

CBAHOft KO/IOHHW, . 

a nonepenHyio Ae^opMauw^ na^py^Ka no 
Bce0 A^MHe ocymecTB/iniOT ao notepw ycTOii- 

MMBOCTM, 33TeM erO 4>MKCMpyiOTB 3TOM COCTO- 

phmh m nocne cnycxa b 3QHy noapoKAeHun 

<t)MKC3T0pW GHMM3IOT. 'C' "*': 
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than the inside diameter [sic: last clause 
should be either perimeter... perimeter or 
diameter ... diameter] 2 of the section of 
casing to be repaired, while the length of 
the sleeve is greater than the length of 
the damaged interval. Transverse strain 
is produced in the sleeve along the entire 
length until it buckles (loss of stability), 
it is locked in this position, lowered into 
the well, and placed in the damage zone 
by means of locking devices. In this case, 
the sleeve material is selected according 
to elasticity modulus E, which is 
determined from the relation: E = 
1 .4P/(h/R) 1 1/ 5, where P is the contact 
pressure of the sleeve on the casing wall; 
h is the wall thickness of the sleeve; R is 
the radius of the inside wall of the 
casing. 4 drawings. 



[Figure 1 spans columns 1 and 2, under header] 

[see Russian original for figure] 
A B 
A B 
Fig. 1 

[vertically along right margin] 
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The invention relates to technology for repair operations in the oil production 
industry, and specifically to methods for repairing sections with localized failure and defects 
in the casing walls. 

The aim of the invention is to improve the efficiency of repair operations and to 
ensure that the sleeve is uniformly squeezed against the casing along its entire length, with 
simplification of the process of setting the sleeve by eliminating additional operations on it. 

Fig. 1 depicts the device for buckling the sleeve; Fig. 2 shows the A- A cross section 
in Fig. 1; Fig. 3 shows the B-B cross section in Fig. 1 ; Fig. 4 depicts the sleeve locked in the 
buckled condition. 

The device for buckling sleeve 1 (a drawing device) is a conical mandrel 2 with 
shaping bar 3 and rollers 4, attached along the length of the mandrel. Rollers 4 are connected 
to mechanical drive 5, which is rotated by motor 6. After the sleeve is buckled with the help 
of this device, it is locked in this condition by means of locking devices 7, interconnected by 
rods 8. Drive 5 is a gear drive with one drive gear 9 and two follower gears 10, 11. Drive 
gear 9 is mounted on output shaft 12 of motor 6; upper outside roller 4 is mounted on shaft 
13 of the upper follower gear, while lower outside roller 4 is mounted on shaft 14 of the 
lower follower gear. Rollers 4 (both upper and lower) are connected by drive belt 15. 
Rollers 4 that are not connected with shafts 13 and 14 are implemented as elastoplastic or 
spring-loaded, and consequently they track the deformation of the sleeve. The side rollers 4 
are attached to conical mandrel 2 so that they can rotate. They are not spring-loaded and are 
mounted co-axially with shaping bar 3. 

The repair method involves the following. 

First, a sleeve of the calculated perimeter and elasticity is selected. Sleeve 1 is 
implemented as a thin-walled circular cylinder made from material having the property of 
elasticity, where the perimeter of the cylinder is greater than the inside perimeter of the casing 
to be repaired while the length is greater than the damaged interval of casing. The material 
used for fabricating the sleeve may be 
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high-quality quenched steel, fiberglass-reinforced plastic, and other materials characterized 
by the fact that the stresses arising in them after buckling do not exceed the yield stresses for 
the given materials, i.e., they correspond to elastic deformations of these materials. 

Then transverse strain is produced in the sleeve over the entire length until it buckles, 
and it is locked in this condition. For this purpose, sleeve 1 is fed into the opening of 
mandrel 2 of the drawing device after first turning on motor 6, which rotates rollers 4 with 
the help of mechanical drive 5. Rollers 4 grip the sleeve and pull it into conical mandrel 2 of 
the device. As the sleeve moves along the inside surface, there is a gradual increase in the 
radial load acting on the sleeve on the mandrel side due to the decrease in its diameter. We 
know that thin elastic shells buckle (lose stability) under the action of a radial load, going to a 
new equilibrium state with bulging turned toward the central axis of the cylinder. Shaping 
bar 3 serves to ensure buckling of the sleeve, concentrating the radial load on the buckling 
sleeve. Further pulling of the sleeve is associated with continuing increase in the radial load 
and leads to an increase in the bulging of the shell of the buckled sleeve, as a result of which 
the sleeve dimensions will correspond to the run-in dimensions of bodies lowered into the 
well. At the moment the sleeve reaches the run-in dimensions, it is pulled toward the end of 
mandrel 2, and at the exit from the mandrel it is clamped by several locking devices 7 (see 
Fig. 4) which are rigidly interconnected by rods 8. The operation of locking sleeve 1 in the 
buckled condition is accomplished thereby. 

After this, the sleeve is placed in the damage zone of the casing. 
For this purpose, with the help of a holder (not shown in the drawing), the sleeve, 
locked in the buckled condition, is lowered into the well and placed at the level of the 
damaged section of the casing. The locking devices 7 clamping sleeve 1 are released by 
means of upward displacement of rods 8 connecting them, which results in removal of the 
radial load acting on the sleeve. Under the action of the stresses in the buckled shell, 
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sleeve 1 returns to the original equilibrium state. 

Because the original outside diameter of the sleeve is slightly greater than the inside 
diameter of the casing, [sic: the latter should be a clause of the next sentence, not an 
independent sentence] The sleeve is tightly and uniformly squeezed against the casing, 
sealing off the damaged section. 

Laboratory tests of the method for casing repair were conducted on a model of a 
casing in order to verify its feasibility. The model of a casing is a thin-walled tube with 
inside diameter 80 mm, parameter [sic: parameter should be perimeter] 251.2 mm, and length 
500 mm. 

The sleeve is made from fiberglass-reinforced plastic in the form of a thin-walled 
circular cylinder with wall thickness 0.3 mm and perimeter 251.6 mm. 

As the drawing device, we used a conical mandrel with entry diameter 100 mm, exit 
diameter 70 mm, length 600 mm and with one shaping bar along the inside surface of the 
mandrel. Pulling was accomplished by pressure on the end of the sleeve. At the exit from 
the drawing device, the sleeve had a diameter of 70 mm, where the shaping bar no longer 
touched the twisted shell of the sleeve, and in such a position the sleeve was successively 
clamped by two locking devices interconnected by two steel rods. 

Then the sleeve was lowered into the model of a casing, down to the level of the 
casing damage zone, using a holder with transverse dimensions no greater than 70 mm. Then 
the clamping locking devices were shifted toward the upper end of the sleeve as a result of 
the force transmitted through the rods. 

At the moment when the last locking device was released, the free sleeve completely 
recovered 
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its shape and was squeezed against the inside wall of the casing, sealing off the damage zone. 

Tests were similarly conducted under conditions when the model of a casing was 
completely filled with water. 

Laboratory data confirmed the feasibility of this method for casing repair. The 
sleeve, without damage or crumpling, completely recovered its shape and fit tightly against 
the inside wall of the casing, isolating the damage zone. 

Claim 

A method for casing repair, including selection of a sleeve of the calculated perimeter, 
transverse strain of the sleeve along the entire length, its lowering into the well and 
placement in the damage zone, distinguished by the fact that, with the aim of improving the 
efficiency of repair operations and ensuring that the sleeve squeezes uniformly against the 
casing along its entire length while at the same time simplifying the process of placing the 
sleeve by eliminating additional operations on it, the sleeve material is selected according to 
the elasticity modulus E, where the latter is determined from the relation 

E > 1.4P/(h/R) ll/5 

where P is the contact pressure of the sleeve on the casing wall; 

h is the wall thickness of the sleeve; 

R is the radius of the inside surface of the casing, 
and transverse strain of the sleeve along its entire length is accomplished until it buckles 
(loses stability), then it is locked in this condition and the locking devices are released after it 
is lowered to the damage zone. 
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[see source for Figures 2, 3 and 4] 
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